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A DECISION MODEL FOR THE TRADE-OFF BETWEEN THE BENEFITS
OF ECONOMIC GROWTH AND ITS ENVIRONMENTAL COST

Edward Nissan
D. C. Wi l I i am s, J r.

University of Southern Mississippi

In recent years there has been a growing awareness on the part of
the public as well as the private sector of the limitations of our
natural resources. It was made clear by those concerned that economic
growth irreparably damages the environment. They call for an end or at
least sharp curtailment of such growth. Qn the other hand, economists,
in general, perceive growth as an essential requirement of our social
vol fare. The restoration and protection of the environment envisioned
by ecologists require reduction in living standards which could seriously
endanger the political well-being of the American society.

From all indications, the world, especially the western democracies
and Japan, is destined and committed to a policy of economic growth. It
then becomes necessary for policy-makers to devise positions and enforce
policies where a trade-off between the benefits of growth and its environ-
mental costs can be calculated in a quantifiable manner.

Such objective analysis could identify some projects as not being
beneficial on environmental grounds though justifiable on economic grounds.
It can also identify projects or programs that induce growth and simultan-
eously require minimal ecole ~ic trade-off.

Among the most promising empirical models available at the present
to evaluate the economic-eco! ogic trade-off is the "Materials Balance
Approach" for the entire economy. The principle states that resources
taken from the environment for use in production and services must be
returned to the environment as waste residuals in equal mass. In
describing this approach Allen Kneese [3] says:

The inputs of the system are fuel, foods, and raw materials
which are partly converted into final goods, and partly become
residuals. Except for increases in inventory, final goods also
ultimately enter the residuals stream. Thus, goods which are
"consumed" really only render certain services. Their material
substance remains in existance and must be either reused or
discharged to the natural environment,

A comprehensive review of models in which the extension of input-
output analysis includes environmental externalities as material flows
into and out of the economic sector shows that there is basically a hand-
ful of comparable approaches. Among the most prominent are the Ayers-
Kneese model [1], the Daly model [z], the Isard model [5], the Leontief
model [7], the Victor model [15] and the Hite-I aurant model [4],



The approach followed in this study is in essence a modification of
the Hite-Laurant model as was applied in their study of the Charleston
metropolitan region [6]. It is practical and easy to operate and recog-
nizes data problems. The model inc1udes waste residuals from the economy
to the environment. This allows the extension of the accounting framework
of the input-output table to the environmental sector by specifying the
outputs of a number of chemical and biological effluents to air and water
and of solid wastes as exports of product~on by-products. It consists of
three phases as follows:

�! Development of an input-output accounting of the region. It
is the flow of goods and servi ces i n dollars usually duri ng a year period.
The economic activities of the region are depicted in terms of sectors
composed of industries. The elements of the transactions among these
sectors are displayed in the "Transaction Matrix. ' These elements are
inter-industry flow in the sense that goods are transferred from some
sectors as output to be used by others as input, An exogenous sector
defined as Final Demand which includes households, government, and exports
absorbs the remainder of output. Output and employment multipliers can be
calculated.

�! Development of an inventory of water and air pollutants as well
as solid wastes that were produced as consequences of economic activities
of the diverse producing sectors including households. This is the resi-
dual stream of the material substances which are discharged to the natural
environment.

�! The economic-ecologic trade-off is then accomplished through
the incorporati on of the results obtained in �! and �! as follows:

Let:

E = A matrix of outf laws of residuals to the environment.

 I-A! = The Leontief inverse. It is the inverse of the-1

input-output model.

U = A matrix of the direct and indirect environmental
impact of each economic sector.

Then.

The multiplication of these matrices provides the necessary linkage
between the economy and the environment. The analysis is carried further
by obtaining the environmental-output multipliers and environmental-income
multi pliers, These multi pliers are obtained by di viding the output and
employment mul tipliers calculated from the input-output matrix by the
economic-ecologic matrix.

These multipliers in the form of matrices in a sense show the



impacts of' economic growth on the ecologic system. They can provide
valuable information regarding the trade-off between the benefits of
economic growth and its environmental costs.

Such information is potential'Iy valuable in decision-making, It is
an empirical assessment of benefit-cast between economic growth and
environmental integrity.

An actual application of this model was implemented for the Coasta1
Region of Mississippi . This region consi sts of three counties wi th a total
population in excess of 270,000, and it is the fastest economically grow-
ing area in the State. An outline of this empirical study which is based
on work reported in [9], [10], and [Il] is presented .*

1. The Economic Model

The input-output model is arranged with 29 endogenous sectors. It
is constructed by using regionalization techniques of the 83 sectors
national input-output tables for 1971 [16]. The aggregation scheme for
rouping common sectors is based on the Standard Industrial Classification
SIC! code developed by the Department of Commerce,

An essential component of the economic model is the Transaction
Matrix given in Table 1. It illustrates the structure of the economy in
an accounting format in the sense that sales by a sector to other sectors
and the final demand  households, federal government, and exports! would
equal the purchases of the particular sector from other sectors and value
added  households as payment for labor, federal government as payment of
taxes, and inputs!. The horizontal rows are sales and the vertical
columns are the purchases. Inputs comprise the residuals necessary to
make sales  output! equal to purchases  input! and reflect purchases of
labor, materials and input outside the study region. They also include
items such as profit and depreciation.

Useful economic measures as consequences of input-output analys~s
are the output and income multipliers which are given in Table 2, Output
multipliers measure the effects of changes in the final demand for output
of each sector and the impulse it generates throughout the economy.
Income multipliers express the total change in income due to change in
sales of a par ticular sector to Final Demand.

When Households sector is included among the endogenous sectors,
the multip1iers are called Type II. Otherwise, they are called Type I.
It can be shown that multipliers of Type II are larger than multipIiers
of Type I.

+Due to their lengths, only parts of the tables are presented for
illustration. For a more technical discussion and details, see [9], [10]
and [l l] .



2. The En vi ronmen tat Model

The environmental model consists of an inventory of water and air
pollution as well as solid wastes. These are the physical magnitudes
generated through the economic activities of the coastal region of
Mississippi.

Water effluent information was based primarily upon actual data
provided by the Mississippi Air and Water Pollution Control Commission [8]
obtained as part of their monitoring of producing establishments. Other
vehicles for collecting data had to be used such as secondary sources
published by the Envirortmental Protection Agency or by incorporating find-
ings of other similar studies. Some information was collected by phone or
by personal contact with engineers and experts in this field.

guantities of air pollutants were derived from national data from
studies of similar areas because localized data were unavailable, For
estimation purposes the 30 economic sectors of the Mississippi Coastal
model were divided into non-houshold and household categories to best
utilize available data within time and budgetary constraints. The house-
hold category consisting of Sector 30 was estimated with emission factors
published by the Environmental Protection Agency [13 and Ii]. The
non-household category includes sectors 1-29 and was estimated by adopting
air pollution coefficients based on a pioneering study by Peter Victor [IS].

Solid waste was estimated primarily from per-capita solid waste
factors, The factors were obtained from the published detailed engineering
study by Salvato [12].

The basi c structure of the environmental matrix for the coastal
region of Mississippi is illustrated in Table 3. It contains 29 rows
representing the endogenous sectors, that, is, the economic producing
sectors of the region. Households, the last row, is the exogenous sector
representing pollutants by non-producers. It also contains thirty columns.
The first column headed Waste Water is water partially treated or non-
treated which is dumped into the environment as a consequence of the
economic process. The other 29 columns are net unpriced loadings of water
effluents, air emissi on, and solid waste from the area 's economy into
the environment. The coefficients in the table represent values estimated
for the year 1977.

3. The Economic-Environmental Linka e

The economic model and the environmental model are then linked to
show the interdependence between economic activities and waste generation.
It will emphasize that changes in the economy will accompany changes in
the envir onment. Estimates in the form af pollution produced per dollar
of output, employment and income can be obtained. Furthermore, environ-
mental-economic multipliers can be calculated for each combination of
environmental category and economic sector.



Tables 4 and 5 are the results of the immediate application of' the
linkage. In each of these tables, the rows indicate the pollutants and
the columns numbered 1 through 30 are the economic sectors of the region.

Table 4 shows the environmental effects resulting from the inter-
industry sales and purchases. Every entry in this table represents the
total exports of pollution to the environment, That is, a $1,000 increase
in economic activity of a certain sector will cause increases in produc-
tion in all other sectors due to the multiplier effect. Through their
economic activities to meet the demands of that sector, they in turn will
contribute to the pollution. For example, Sector 8, the Food Processing,
when increasing its output by $1,000 wi11 cause a total discharge to the
environment of .108  MQY! of waste water, .003 tons of nitrogen, .006 tons
of BOD, .013 tons of suspended solids, .005 tons of settleable solids,
.003 tons of oil and grease, .003 tons of nitrogen oxides, .03 tons of
sulfur oxide, .02 tons of carbon monoxide, .006 tons of particulates, .002
tons of hydrocarbons, and ,78 tons of solid waste.

It can be observed from Table 4 that though some of the sectors were
not contributing to pollution directly through their production process,
nevertheless, indirectly they cause other sectors to do so through their
supporting activities. The construction industry, Sector 7, does not pro-
duce 800 directly, yet through the round of economic activities by the
supporting industries .002 tons of 80D is produced for each $1,000 increase
in construction.

The trade-off between income and the environment is given in the
matrix illustrated in Table 5. The entries represent the physical quanti-
ties of pollutants generated through $1,000 increase in income of the
various sectors. Looking at this from another view point, the limitations
in environmental pollution by the quantities listed for each sector will
necessarily cause a $1,000 decrease in income.

The values computed in Tables 4 and 5 are obtained by allowing the
Households sector to be included among the producing sectors. Therefore,
these tables give the direct, indirect, and induced effects of the economic-
environmental interdependenci es.

A Practical Example

The model discussed can be used in a variety of useful ways depending
on the nature of inqui ry as regards to the interplay between the economy
and the environment. As an example, environmental requirements due to
attracting new industries will be discussed.

The attraction of a new industry to a region would have a multiple
effect over the other producing sectors. First, through the economic
interrelationships, all sectors in the region will expand their outputs
to meet the new demands.

Assume that a comparison of economic-ecologic trade-off is desired



between a new Food Processing industry and a new Chemcial-Petroleum
industry. Further assume that the anticipated potential for both indus-
tries is of a magnitude of a million dollars per year. Anticipated sales
of all the economic sectors can be calculated using the information from
Table 1. These estimated values are given in Table 6.

In order to obtain estimates of pollution factors that will be
caused by all sectors, Columns 8 and 13 of Table 4 can be used as the
basis of calculation. The resulting detailed environmental pollutions
to be contributed by each sector in the region are portrayed in Tables
7 and 8 for the Food Processing and the Chemical-Petroleum. Hence,
information provided can be used for the purpose of deciding on the
merits of each plan regarding the benefits of economic growth and its
environmental cost,

Information currently available does not permit measuring the impact
of the pollutants on the environment in dollar values. Some wastes  by
products! have a positive economic effect; and some, negative. In other words
discards from some sectors may enhance economic output of other sectors while
other residuals may reduce productivity of other industries, For example,
BOO discharges from the household and other sectors may harm the environment
and thus reduce output of the fishery sector. Research to facilitate
measuring such effects is needed.



S.
QJ

4J ~
r Q
E
QJ

Ch

0

0
DDP

CO0 LO
~ 4 ~

~DLO
CO
LA

ct <CON
Ol P! CrJ Cl
CO

0~ ~ ~ 0
LA

0 r 0 P! 0 r LO  9
CO Cu Qmr
CO Ma

0 LLI
I

0 S
4- Ll

0

CO
a

O&HWP!&
CU CO LO h

Lh
LCla&%00r EO

LO W
CU A

CO

%CUD

O
rr

V

lh

O

w 0
< 0

~ Ch

Ol
~ P!

0 bl h
~LAr
LOna

~ ~
0 0 0 0 X LA Cb 0 0 CO

4!WC 0
R CV 0

LA

r r M QCil ~
r Qr ~A r
r e CV CO Ch

N M

~ ~

~ ~

L/l

0
Ql
S-
OP

'I

P!~ ~ P! 0
0 0 0 0 4 0 0 0 0 0 0 0 w ~ 4 cf Lo

LOCU ~
CU

Q CJ
cn 2

'r lh
C C
~ r O

IC
O

5
~ rg

Ql
~ r S
$- ~
CJ Vl

QJ
Vl S

O
LL Ll

Vl

S
Vl QP 0

O QI E

Vl
Ql

rt5

O
r AJ F! NLALOWCOOl 0 r GJ P! + ID LO N

I r r r r r r
~ ~ Vl

I�
 /l

D Vl

rCI
CL r
6 O
m CI

VI

I � Z

I Vl

X 0
K I�

Ll
!

Vl

0 W
2 I r

O U
5 r rr
O- S

O Lh
O ICI QJ

Vl Vl 0
QJ CL Ll-
> 0

S- Vl

QI
~ Vl

r
Vl
Vl Li
Ql
O aCI
O

Cl fC
O OL
0 CL

LL. ct;

CA CU Vl
Vl Vl

~ r W n5 r U Vl
M D r fCI & lL
VlWC3 H K

U.r 0 I
QI~ S-rr5K 0 Vl

O.r g> N
O~ ~e!lWW 0

M r CL A r5 le rO Ql
C W Wr LL- H

~ re %r Dw 5- 4
C CS !rOr

S- r 0 ~ 4 Q.r
Ql S- W r Ql rCI Vl Ql

Ql L E C 6 C 0
CL r- Ql O ~ r rCI Vl
rt$ s-m ~ 5- s-

AQ 0 CJL/lO



TABLE 2

TYPE I AND TYPE II MULTIPLIERS

Sector

39.5

VERAG

1 2
3

4 5 6 7 8 9
10

ll
12
13

14

15
16

17
18

19

20
21

22
23
24

25
26

27
28
29

Fisheries
Forestry
Livestock Products
Crops & Agri cul tural
Ag Forestry, Fish Svc
Mi ni ng
Construction
Food Processing
Apparel & Finished
Lumber & Wood
Paper & Allied
Printing/Publishing
Chemi cal /Petro/Other
Stone, Clay & Glass
Primary/Fab Metals
Transportation Equip
Miscellaneous Mfg
Water Transportation
Other Transp/Whse
Communi cation/Pu Utl
Eating & Drinking
Service Stations
Wholesale/Retail
Finance/Ins/Real Est
Hotel, Motel, Lodging
Medical Services
Educational Services
Other Services
State/Local Gov't

1.40

1,14
1.72
1.42
1.09
1.30
1.3B
1.42
1.27
1 ~ 50
1.30
1.32
1.24
1.37
1.35
1.08
1.27
1.52
1. 41
1.10
1.35
1.31
1,20
1,28
1. 30
1.25
1.26
1.24
1.62

1.49
1.19
1 ~ 88
1.56
1.12
1.79
1. 28

1.45
1.31
1.51
1.36
1.38
1 .29
1.45
1.45
1 .09
1,33
1.46
1.35
1.38
1.29
1.27
1.15
1.42
1,21
1.16
1.17
1.16
1.59

2.22
1.79
2.75
2,27
1.70
1.78
2.66
2.33
2.09
2.45
2.15
2.18
2.05
2.28
2.26
1.76
2.10
3,00
2.79
1.35
2.50
2.44
2.23
l.97
2.53
2.44
2.45
2.42
3.04

1.99
1.58
2.50
2.07
1.48
2.38
1.70
1.92
l,74
2.00
1.80
1.83
1.72
1 .93
1.93
1,44
1.76
1.93
1.80
1,84
1.72
1.69
1,53
1.88
1.61
1.55
1.55
1,54
2,12
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TABLE 6

Sa es o

Chemicals-Petroleum
Sa es To

Food Processin

72470
4170

22390
11370 110

1430

14470
810

4620
83490

740
4230

160
7230
2120

710

290
4840

1630
730

5130
1720

20

1400
8830
6460

13700
4110

2770
16920
32750
29030

2410
780

18530
27110

1180
150

170
1760
2370

268940

31610
9980

1290
90

100

16480

1750
268980

1

2 3 4 5
6 7 8

10

ll
12

13

14
15
16
17
18
19

20
21
22

23
24
25

26
27
28

29
30

INPUTS RE U!RED FOR A MILi ION DOLLAR NEW INDUSTRY
IN THE. FOOD PROCESSING AND CHEMICAL-PETROLEUM SECTORS
MISSISSIPPI COASTAL REGION  THOUSANDS OF 1972 DOLLARS!

Fi sheries
Forestry
Livestock
Crops
Ag, Forestry, Fish Svc
Mining
Construction
Food Processing
AppareI & Finished
Lumber & Wood
Paper and Allied
Printing & Publishing
Chemicals & Petroleum
Stone, Clay & GIass
Primary & Fab Metals
Transportation Equip
Miscellaneous Mfg
Water Transportation
Other Trans/Warehousing
Communication/Pu Util
Eating/Drinking Places
Service Stations
Wholesale & Retail Trade
Finance, Insur., Real Estate
Hotels, Motels & Lodging
Medical Services
Educational Services
Other Services
State & Local Gov't
Hou seh ol d s
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